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UV-Vis, IPCE spectra and light penetration depth
Determination of light penetration depth
The absorption coefficient was obtained from Beer-Lambert law, shown in Equation S1:
Where α(λ) is the absorption coefficient (m -1 ), abs(λ) is the absorbance measured by UVvis spectroscopy and l is the film thickness (m).
The light penetration depth is then determined by Equation S2
:
Where D p (m) is the light penetration depth.
Calculation of the theoretical photocurrent in BiVO 4 photoanodes
The single photon energy is calculated from Equation S3
(S3) ( ) = ℎ × Where E(λ) is the photon energy (J), h is Planck's constant (6.626×10 -34 J s), C is the speed of light (3×10 8 m s -1 ) and λ is the photon wavelength (m). The solar photon flux is then calculated according to Equation S4
Where Flux(λ) is the solar photon flux (m -2 s -1 nm -1 ), and P(λ) is the solar power flux (W m -2 nm -1 ). 1 The theoretical maximum photocurrent density under solar illumination, J max (A m -2 ), is then calculated by integrating the solar photon flux, shown in Equation S5:
Where λ 1 is the absorption edge of BiVO 4 , 500 nm (2.5 eV band gap) in this study, λ 2 is the lower limit of the measured solar spectrum, and e is the elementary charge (1.602×10 -19 C). The theoretical photocurrent of such BiVO 4 photoanodes is accordingly calculated to be 64.5 A m -2 (6.45 mA cm -2 ).
The integration of the photon flux converted in chemical energy by BiVO 4 photoanodes (i.e IPCE × AM1.5G spectrum), measured at 1.2 V RHE and 1.7 V RHE , gives photocurrent densities of 0.58 and 1.38 mA cm -2 , respectively, according to Equation S6, taking into account that we neglected the photons absorbed below 360 nm in the IPCE measurement. . 
Fit results of transient absorption decays as a function of applied bias
